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Objective: Bioelectrical impedance spectroscopy (BIS) is a versatile ﬁeld tool to obtain information about
body composition (BC), if prediction equations are available that are valid for the group under consid-
eration. We aimed to validate prediction equations for total body skeletal muscle mass (TBSMM)
developed in healthy 75-year olds from the Gothenburg area (Sweden) in a similar sample examined at
age 80. We give new prediction equations for fat mass (FM), fat-free mass (FFM), and TBSMM that are
based on the entire group of elderly subjects, using values from Dual-energy X-ray spectrometry (DXA) as
reference standard. Finally, we describe the longitudinal change in BC in the subset of subjects, who
participated at both age 75 and 80.
Subjects and Methods: Body composition was measured by DXA and multiple-frequency BIS at age 75
(n ¼ 111) and 80 (n ¼ 91) years. Ordinary and mixed linear regression was used to examine previous and
new prediction equations. Longitudinal change was assessed by paired sample t-test.
Results: The prediction equations for TBSMM developed in 75-year old subjects showed good validity
when applied to the sample of 80 year olds. The results were independent of the presence of a metal
prosthesis in hip or knee. New, sex-speciﬁc prediction equations for FM, FFM, and TBSMM were derived
for 75 e 80 year-old subjects that further improved the accuracy of prediction. Using DXA-derived BC at
ages 75 and 80, we observed a decline in TBSMM in both sexes, which was mainly due to muscle loss in
the legs. In men, the decrease in trunk FFM was accompanied by an increase in FM, leaving no overall
weight change in the trunk. When the 5-year change in TBSMM was based on longitudinal BIS mea-
surements, the results from DXA were reproduced only when the prediction was based on BIS-values at
50 kHz.
Conclusions: Good cross-sectional validity of BIS equations for TBSMM was found in a population sample
of 80-year olds. The presence of a metal prosthesis did not inﬂuence the quality of prediction. New
prediction equations for FM, FFM, and TBSMM need to be evaluated in an independent sample.
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Measures of body composition in terms of fat mass, fat-free
mass, and skeletal muscle are important indicators of the healthctroscopy; BIA, bioelectrical
etry; BC, body composition;
y skeletal muscle mass; SD,
th and Community Medicine,
453, SE-405 30 Gothenburg,
4.
Ltd. This is an open access article uand nutritional status, which go beyond the information given by
weight and height. An important example is skeletal muscle mass
decline in elderly subjects, in particular the distinction between
healthy aging and enhanced sarcopenia due to disease [1,2]. Dual-
energy X-ray absorptiometry (DXA) provides a reliable tool for
assessment of body composition. However, it has the disadvantages
of being expensive, non-portable, and generally conﬁned to a
hospital laboratory environment. Bioelectrical impedance methods
rely on the frequency-dependent response of different body tissues
to the application of aweak alternating current and avoid the above
mentioned disadvantages. However, these methods need to be
used in connection with prediction equations derived from ander the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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population of similar age, sex, ethnicity, and health status [3,4]. In
spite of good overall correlation between BIS and DXA based
measures, the limits of agreement for individual prediction of BC
variables can be quite large [3], and thus of limited use in a clinical
setting. This applies to both multi-frequency BIS which is based on
the extra- and intracellular resistances as obtained from extrapo-
lation to zero and inﬁnite frequency, and to single-frequency
bioelectrical impedance analysis (BIA) that is based on reactance
(X) and resistance (R) measured at a ﬁxed value of frequency,
usually 50 kHz, which is close to the value where X attains a
maximum.
In a previous study performed in 2006, we derived prediction
equations for total body skeletal muscle mass (TBSMM) in a pop-
ulation sample of 98 healthy 75-year old subjects. Recently, we
tested the validity of the prediction equations based on impedance
at 50 kHz in a sample of hospitalized Australian subjects of similar
age and found good agreement between the values derived from
DXA and those predicted from BIS [5]. The aim of the present study
is to re-examine, in a cohort of 80-year olds, the validity of pre-
diction equations previously derived in the sample of 75-year olds
from the same, partially longitudinal, cohort. Special emphasis is
placed on the inﬂuence of a metal prosthesis on prediction of BC,
since prosthetic material is frequently implanted in older age
groups. Furthermore, we aimed to develop new prediction equa-
tions for FM, FFM, and TBSMM that are valid for healthy subjects in
the age range of 75e80. We also apply our ﬁndings to characterize
the temporal change of BC in those 63 individuals examined by DXA
and BIS at both time points, i.e. at ages 75 and 80.2. Materials and methods
2.1. Subjects
The subjects were members of the Geriatric and Gerontologic
Population Study of 70-year olds (H70) and of the Population Study
ofWomen in Gothenburg (PSWG) [6e8]. Among subjects whowere
born in 1930 and examined in 2005e06, a subsample of 111 men
and womenwere chosen for determination of body-composition at
age 75 using both DXA and BIS [9] (Fig. 1). Of those, 63 subjects
were re-examined in 2010e11, and 30 new subjects from the
original 1930 birth cohort were added to the sample. Two of the
later BIS measurements were invalid and had to be excludedFig. 1. Flow-chart for the inclusion of participants of population studies in Gothenburg
into the present study [9]. Samples from H70 and PSWG were obtained in 2006 and
2010-11 (dotted lines), and the sample from 2006 was followed-up after 5 years (solid
line).leaving a total of 111 measurements of both DXA and BIS in 2006
and 91 measurements in 2010e11. In addition to BC, height (in the
standing position, using a stadiometer) and body weight was
measured at each examination. Informed consent was obtained
from all participants, and the study was approved by the Regional
Ethics Committee in Gothenburg.
Before each occasion of BC measurement all subjects partici-
pated in a general health examination that included physical ex-
aminations, interviews, and tests. Participants were asked to ﬁll in a
questionnaire about lifestyle, mental and physical health, including
past and present illnesses and conditions. A few of these variables
were selected to characterize the subjects' health status. Self-
estimated health in 5 categories was dichotomized into ‘good or
better’ versus ‘passably to very poor’. For each subject, a score
describing impairments in activities of daily living was calculated
[10]. Since the score was zero in most of the subjects, it was
dichotomized into a variable describing the presence of impair-
ment (yes vs. no). At baseline, impairments were reported for
cleaning (n ¼ 1) and shopping (n ¼ 1). At follow-up, impairments
were reported for cleaning (n ¼ 6), transport (n ¼ 3), shopping
(n ¼ 2), and bathing (n ¼ 1). Subjects reported at most 3 impair-
ments. The small number of subjects with any impairments in-
dicates a good general health status of the cohort. Past or present
events of myocardial infarction, stroke, cancer, or fractures are
presented, as well as prevalent conditions, such as hypertension,
diabetes or edema.
2.2. Dual-energy X-ray absorptiometry (DXA)
DXA measurements were made using a Lunar Prodigy scanner
(Scanex, Helsingborg, Sweden). Whole body scans were performed
and fat mass (FM), lean soft tissue (LST) and bone mineral content
(BMC) analyzed using software v.12.2. Fat-free mass was deﬁned as
the sum of LST and BMC. Results were recorded separately for arms,
legs, and trunk. Appendicular lean soft tissue (ALST) was deﬁned as
the sum of LST in arms and legs. Total body skeletal muscle mass
(TBSMM, kg) was calculated as TBSMM ¼ 1.19  ALST1.65 ac-
cording to model 1 by Kim et al. [11]. The precision of the DXA
scanner was estimated from repeated measurements on different
days in 9 subjects with coefﬁcients of variation for BMC 1.1%, LST
1.1% and FM 2.4% [9].
2.3. Bioelectrical impedance spectroscopy (BIS)
Measurements were performed as described previously [9]. In
short, bioimpedance analysis was performed using Xitron Hydra
4200 devices (Xitron Technologies, San Diego USA) and estimates
for the whole-body resistance extrapolated to zero (R0) and inﬁnite
frequency (Rinf) were obtained by Cole modeling [3,4]. These values
allow the estimation of extra- and intracellular resistance as Re¼ R0
and Ri ¼ (RoRinf)/(R0Rinf), respectively. Given the ﬁt parameters of
the ColeeCole model used by the Xitron software, we also calcu-
lated resistance (R50kHz) and reactance (X50kHz) at 50 kHz. Daily
quality control of the DXA and BIS devices was performed according
to the manufacturer's protocols.
2.4. Statistical methods
Linear regression was used to validate the prediction equations
for TBSMMDXA derived in the sample of 80-year old participants. To
compare the predictive properties of the 3 equations we reported
the coefﬁcient of determination (R2adj) adjusted for the total
number of predicting variables, and the standard deviation (SD) of
residuals (root mean square error, RMSE). The agreement between
observed and predicted TBSMM was further assessed by Bland-
Table 2
Characteristics of subjects at age 75 and 80 by sex.
2006 (n ¼ 111) 2010e11 (n ¼ 93)
Women Men Women Men
N 55 56 53a 40
Age (years) 75.5 (0.4) 75.6 (0.4) 80.2 (0.3) 80.2 (0.2)
Prosthesis 7 (13%) 6 (11%) 11 (21%) 2 (5%)
Weight (kg) 71.6 (14.6) 82.2 (11.3) 70.1 (12.8) 81.9 (9.8)
Height (cm) 161.6 (6.9) 175.4 (6.7) 162.7 (6.3) 175.3 (6.7)
BMI (kg/m2) 27.4 (5.1) 26.7 (3.0) 26.9 (4.9) 26.7 (3.3)
DXA values
FM (kg) 28.7 (10.6) 24.0 (6.7) 28.0 (10.2) 25.7 (6.7)
FFM (kg) 42.3 (5.3) 58.3 (7.7) 41.8 (4.3) 56.7 (6.9)
TBSMM (kg) 18.4 (2.8) 27.4 (4.2) 18.0 (2.5) 26.3 (4.2)
BIS values
TBW (L) 31.8 (5.3) 43.5 (6.7) 31.3 (5.0) 43.6 (7.0)
Re (Ohm)b 632 (70) 535 (61) 644 (66) 542 (77)
Ri (Ohm)b 1555 (277) 1254 (222) 1576 (271) 1270 (303)
R50kHz (Ohm)c 538 (64) 449 (55) 549 (60) 454 (72)
X50kHz (Ohm)c 47.3 (6.9) 42.8 (6.2) 46.1 (6.2) 40.1 (5.7)
a n ¼ 51 for BIS values.
b Ri,e intra- and extracellular resistance.
c R50kHz resistance at 50 kHz, X50kHz reactance at 50 kHz (absolute values).
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values for FM, FFM, and TBSMM, from age, anthropometry, and
values derived from BIS. Since 61 subjects were examined twice we
used a linear mixed model for the continuous outcome variables
from DXA, including the subject index as a random effect. Models
were built on Re and Ri, or R50kHz and X50kHz, respectively, and on
resistance or impedance variables divided by height (H) or height2,
as well as their inverse values. Following [12], we also tested a
variable based on the parallel reactance, Xp,50kHz ¼ X50kHz þ R50kHz2 /
X50kHz, namely H2/Xp,50kHz. Each model was adjusted for age, sex,
weight, height, and prosthesis status, and tested for quadratic ef-
fects as well as interactions with sex or prosthesis status. To
quantify the performance of the ﬁnal model for each outcome
variable, we calculated R2adj and RMSE from ordinary linear
regression of DXA values on values predicted by BIS at ﬁxed time,
i.e. using only independent observations from either 2006 or
2010e11. Due to lack of an independent sample we calculated the
PRESS statistics for cross-validation, and multicollinearity between
predictors was assessed using the variance inﬂation factor (<3 for
all models reported).
The longitudinal change of BC (overall, as well as separately for
arms, legs and trunk) in the 63 subjects with DXA values from both
examinations was examined using paired t-tests. To estimate the
average annual change of BC, we used a linear mixed model
including age as predictor and subject index as random effect. All
analyses were performed by using SAS (version 9.3; SAS Institute,
Cary, NC) and MATLAB (R2011a; The MathWorks Inc.). Results with
p-values less than 0.05 were considered to be statistically signiﬁ-
cant (2-sided tests).
3. Results
3.1. Description of cohorts
Table 1 shows selected variables that describe the health status
of participants at age 75 and 80. At both time points, more than 70%
of participants reported good or very good self-rated health, and
few reported impairments in daily living, in spite of past or present
diseases such as cancer and cardio-vascular disease. Hypertension,
stroke, fractures, and edema were conditions that were more
frequently reported at follow-up compared to baseline. Subjects
lost to follow-up were more likely to have had myocardial infarc-
tion (p¼ 0.01) or diabetes (p¼ 0.03) than those that participated in
the follow-up examination.Table 1
Characteristics of study participants as obtained from the general health examina-
tions at age 75 and 79, respectively. At baseline, separate results are given for sub-
jects that participated 5 years later, and for those that were lost to follow-up (n ¼ 7












81 (74%) 45 (71%) 32 (80%) 81 (90%)
Impairment in
activities of daily life
2 (2%) 1 (2%) 1 (2%) 8 (9%)
Hypertension 37 (33%) 18 (29%) 14 (34%) 54 (58%)
Myocardial infarction 12 (11%) 2 (3%) 8 (20%) 7 (8%)
Stroke 9 (8%) 5 (8%) 3 (7%) 15 (16%)
Diabetes 17 (15%) 5 (8%) 10 (24%) 10 (11%)
Cancer 23 (21%) 18 (29%) 5 (12%) 22 (24%)
Fractures 11 (10%) 6 (10%) 3 (7%) 21 (23%)
Edema 8 (7%) 5 (8%) 3 (7%) 14 (15%)Table 2 gives the mean value and SD for age and anthropometric
variables, as well as main results from body composition mea-
surements, and counts of subjects with prosthesis, stratiﬁed by
gender and year of examination. At both time points, the variables
describing weight, height, FFM, and TBSMM differed between men
and women (two-sample t-test: p < 0.0001). Total body fat mass
(DXA) was higher inwomen than inmen in 2006 (4.7 kg, p¼ 0.007)
but less so in 2010-11 (2.3 kg, p ¼ 0.2). Similarly, the gender dif-
ference in BMI was observed to decrease from 0.7 (p ¼ 0.3) to 0.2
units in 2010/11 (p ¼ 0.9). At age 80, women were more likely than
men to have a prosthesis in hip or knee (p ¼ 0.03). The number of
fractures was similar in men and women at both ages (data not
shown). Among the variables determined by BIS we note that the
estimated value for total body water (TBW) was higher in men than
in women (p < 0.0001) at both time points. The absolute value of
TBW was remarkably stable over time in both sexes. There was no
signiﬁcant difference in TBW by edema status (data not shown).3.2. Validity of prediction equations for TBSMM derived from BIS
In 2006, three prediction equations for TBSMM were derived in
a sample of 75-year old subjects who did not have a metal pros-
thesis [9]. The equations are reproduced in the upper panel of
Table 3, and were validated in the sample of 80-year old subjects
measured in 2010/11. The lower panel of Table 3 gives different
measures of agreement between predicted values for TBSMM (Eqs.
(1)e(3)) and the reference standard, which is the DXA measure-
ment. Comparing the twomodels based on extra- and intra-cellular
resistance (Eqs. (1) and (2)), the addition of body weight as a pre-
dictor slightly improved the correlation between predicted and
observed TBSMM, and reduced the average error (RMSE); however,
the 2nd BIS equation overestimated the DXA-derived TBSMM by
about 0.65 kg. The best prediction of DXA-TBSMM was based on
resistance and reactance at 50 kHz (Eq. (3)). Exclusion of subjects
with prosthesis resulted in a minor improvement of the coefﬁcients
of determination, for all 3 equations. There was no difference in
prediction when the equations were tested in the independent
sample of subjects who joined the study in 2010e11 (n ¼ 30).
BlandeAltman plots show that the prediction inaccuracy was in-
dependent of the average predicted value (Fig. 2). With one
exception, the results for TBSMM did not differ from the subjects
without prosthesis.
Table 3
Validation of prediction equations for DXA-TBSMM [9] in the sample of 80 year old subjects measured in 2010e11 (n¼ 91). The equations were also evaluated in the subsample
of subjects without prosthesis (n ¼ 79) and in the subsample of newly recruited 80-year olds (n ¼ 30).
BIS prediction equations for TBSMMDXA (kg), derived in 75 year oldsa
TBSMMDXA ¼ 24.05 þ 0.365$H0.005$Ri  0.012$Re1.337$sex (1)
TBSMMDXA ¼ 23.953 þ 0.333$H0.004$Ri0.01$Re þ 0.042$W1.727$sex (2)
TBSMMDXA ¼ 24.021 þ 0.33$H þ 0.083$X50kHz0.03$R50kHz þ 0.046$W1.58$sexb (3)
Eq. 80 year olds N Average difference (kg)c R2adj RMSE (kg)
1 Alld 91 0.38 (0.79, 0.03) 0.87 1.98
No prosthesis 79 0.28 (0.73, 0.16) 0.88 2.00
New subjectse 30 0.34 (1.02, 0.35) 0.86 1.86
2 Alld 91 0.69 (1.08, 0.30) 0.88 1.87
No prosthesis 79 0.63 (1.05, 0.21) 0.89 1.89
New subjectse 30 0.60 (1.24, 0.03) 0.88 1.73
3 Alld 91 0.14 (0.52, 0.24) 0.89 1.82
No prosthesis 79 0.11 (0.52, 0.30) 0.90 1.83
New subjectse 30 0.06 (0.69, 0.57) 0.88 1.72
a H height (cm); Ri,e intra- and extracellular resistance (Ohm), R50kHz resistance at 50 kHz (Ohm), X50kHz reactance at 50 kHz (Ohm); sex ¼ 0 (men), 1 (women); W weight
(kg).
b Absolute values for X50kHz are entered in Eq. (3), in accordance with the equation given in [9].
c DXA values minus predicted values from BIS.
d Twelve out of 91 participants had a metal prosthesis (hip, n ¼ 7; knee, n ¼ 3; hip and knee, n ¼ 2).
e Subjects that joined the study at age 80.
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In order to investigate which variables could explain the dif-
ference between DXA-derived TBSMM and the values predicted by
BIS, we regressed the difference on a list of variables, including age,
sex, weight, and height, prosthesis status as well as all variables
derived from BIS. The only predictor selected by stepwise regres-
sion was height (slope ¼ 0.06 kg/cm, R2adj ¼ 0.08, all three pre-
diction models). A comparison of baseline values by follow-up
status showed no indication of a difference in BC that might affect
the conclusions about e.g. the validity of BIS prediction equations
(data not shown).3.3. Development of improved prediction equations for FM, FFM,
and TBSMM
Using DXA-values as reference standard we aimed to develop
age-dependent prediction equations for FM, FFM, and TBSMM
based on subsets of BIS-related variables, and potentially adjusted
for age, sex, weight, height, and prosthesis status. Due to a linear
association between body volume and impedance index H2/R in a
crude isotropic cylinder model we also tested the quotients R/H and
R/H2 in addition to the resistances themselves, as well as their in-
verse. While there was no interaction of any predictor with pros-
thesis status we found signiﬁcant interactions between sex and the
predicting variables age, weight, and individual resistance vari-
ables, for all three outcomes. For this reason, we decided to test sex-
stratiﬁed models only. To make use of all observations we used
mixed linear regression (202 observations in 141 subjects),
including subject index as random effect. Table 4 lists the regres-
sion coefﬁcients for a model based on the inverse of resistance and
reactance indices at 50 kHZ. The prediction of FM, FFM, and TBSMM
was evaluated using ordinary linear regression of DXA-derived
quantities on BIS predictions, separately for participants in 2006
and 2010e11 (men and women combined). The chosen model was
simultaneously optimal for all outcomes, although the difference to
models with other predictors like impedance indices or height
squared over parallel reactance was small (data not shown). In
contrast to the results in women, H2/X50kHz was not signiﬁcantly
associated with any outcome in men but was kept as a predictorbecause it showed effects of similar size as in women. Conversely,
we found an association between age and BC in men but not in
women. Prosthesis status was associated with lower FFM in
women. The PRESS statistics for cross-validating the model that
generated the prediction equation was at most 6% higher than the
error sum of squares (SSE) indicating good prediction.3.4. Longitudinal change of body composition between 75 and 80
years of age
The longitudinal analyses were based on 63 subjects with
repeated measurements of DXA, of which 61 subjects also had
repeated measurements of BIS. The upper part of Table 5 gives the
longitudinal change in anthropometry and DXA-based BC. In men,
the overall decrease in body weight was mainly a decrease in FFM
and TBSMM. To a lesser extent, this was also true for women. The
relative annual decrease of TBSMM was higher in men than in
women (1.3% in men, 0.7% in women, p ¼ 0.04). In contrast to
FFM there was hardly any change in overall FM for both sexes. As a
consequence there was a small increase in fat percent and in the
ratio of fat to fat-free mass that was larger in men than in women
but that was not signiﬁcant in either sex (data not shown).
To further investigate the relation between energy balance and
muscle mass we subdivided men and women into those who lost
total body fat and those who gained body fat between baseline and
follow-up examination. There was no difference in loss of TBSMM
in the 11 men who lost fat mass (1.63, 95% CI ¼ 2.37, 0.88) kg
compared with the 17 men who gained body fat (1.61,
95% CI ¼ 2.23, 0.99) kg. Among the women, the loss of skeletal
muscle mass was larger in the subset of 20 womenwho also lost fat
mass (0.79, 95% CI ¼ 1.25, 0.33) kg than in the 15 womenwho
gained fat mass over time (0.50, 95% CI ¼ 1.00, 0.00) kg but not
signiﬁcantly so. However, segmental analysis of total weight, FFM,
and FM showed that in men, the loss of FFM in the trunk was
matched by an increase in FM, leaving the overall weight of the
trunk unchanged (Fig. 3). In women, the decrease in FFM was
paralleled by a decrease in FM. In men, absolute changes in weight
were dominated by loss of appendicular FFMwhile the relative loss
of FFM and FM in women was similar in arms, legs and trunk. The
Fig. 2. BlandeAltman plots for DXA-derived TBSMM in comparison with predictions
from Eqs. (1)e(3) (Difference ¼ DXA values  predicted values from BIS). Horizontal
lines are drawn at the position of the mean difference and at mean value ± 2SD.
Table 4
Sex-speciﬁc BIS prediction equations for FM, FFM, and TBSMM, as derived from the com
Intercept kg Height cm H2/X50kHza m2/kOhm H
Men
FM 18.6 0.394*** 0.049 
FFM 26.9* 0.406*** 0.052 2
TBSMM 5.5 0.169*** 0.032 1
Women
FM 23.0*** 0.313*** 0.059* 
FFM 29.0*** 0.315*** 0.065* 3
TBSMM 20.6*** 0.182*** 0.071*** 2
2006 (n ¼ 111) 2
Total R2adj RMSE (kg) SSE (PRESS) R
FM 0.93 2.4 645 (668) 0
FFM 0.94 2.4 650 (679) 0
TBSMM 0.94 1.4 221 (229) 0
p-values: * < 0.05, ** < 0.01, *** < 0.001.
a Absolute values for X50kHz are used in all equations.
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excluded from the analysis (7 women, 1 man, data not shown).
When the longitudinal decline in TBSMM was investigated in
terms of TBSMM as predicted by BIS, Eq. (3) based on R50kHz and
X50kHz estimated the largest decline in both sexes (Table 5). In men,
both size and precision of the estimate improved from Eqs. (1) to
(3), while still being smaller than the DXA estimate. In women,
the equations based on Re and Ri (Eqs. (1) and (2)) underestimate
the decline in TBSMM derived from DXA, while the estimate based
on R50kHz and X50kHz is of similar size and precision. The newly
derived prediction equations for FFM, FM, and TBSMM reproduced
the longitudinal change determined by DXA (last panel of Table 5).
4. Discussion
In this study we showed that the prediction equations for total
body skeletal muscle mass derived by comparison with DXA in a
community based sample of healthy Swedish citizens at age 75 [9]
were still valid when applied 5 years later, i.e. to a similar sample of
elderly at age 80. About 90% of the variation in DXA-derived
TBSMM was explained by values predicted by BIS, and the stan-
dard deviation of the difference between DXA value and BIS pre-
diction varied between 1.8 and 2 kg. For the ﬁrst time it is shown
that the quality of prediction is hardly inﬂuenced by the presence of
a metal prosthesis in hip or knee. As in the original sample of 75-
year olds, the prediction was better if the model was based on
impedance variables measured at 50 kHz rather than on intra- and
extra-cellular resistances. When we examined longitudinal
changes of body composition in subjects measured at both age 75
and 80, a large decrease in TBSMM was observed in both sexes,
based on values derived from DXA. Due to the uncertainty in the
prediction of DXA-TBSMM by BIS, this change was reproduced only
when prediction equations based on impedance at 50 kHz were
used. More than 70% of subjects rated their health as good or very
good, and none reported major impairments in daily living, which
could explain the robustness of the prediction equations with
respect to the age difference of 5 years, the presence of a metal
prosthesis, and morbidity.
A possible explanation for the better performance of imped-
ance models based on values at 50 kHz could be that these values
would be measured directly in contrast to intra- and extra-cellular
resistances, which are obtained by extrapolation to zero and
inﬁnite frequency, based on the ColeeCole model. However, we
cannot conclude that the measurement of impedance over a large
frequency range (BIS) can be replaced by a single measurement atbined sample of 75 and 80-year olds (202 observations, 141 subjects).
2/R50kHz m2/kOhm Weight kg Age year Prosthesis
1 ¼ yes, 0 ¼ no
2.144*** 0.758*** 0.312*** 1.3
.334*** 0.229*** 0.229** 0.3
.675*** 0.108*** 0.198*** 0.1
2.637*** 0.836*** 0.080 0.6
.171*** 0.132*** 0.009 1.1*
.379*** 0.040*** 0.014 0.3
010e11 (n ¼ 91)
2
adj RMSE (kg) SSE (PRESS)
.94 2.2 434 (451)
.94 2.4 496 (526)
.90 1.7 252 (265)
Table 5
Longitudinal change of anthropometry and body composition between baseline and follow-up.
Men (n ¼ 28) Women (n ¼ 35)a
Average changeb 95% CI Average changeb (95% CI)
Age (years) 4.6 4.4, 4.7 4.7 4.6, 4.8
Anthropometry:
Height (cm) 0.42* 0.76, 0.08 0.54*** 0.81, 0.27
Weight (kg) 2.23* 4.00, 0.46 1.80** 3.12, 0.49
BMI (kg/m2) 0.57* 1.11, 0.03 0.47* 0.91, 0.02
DXA measurements:
FM (kg) 0.33 1.22, 1.87 0.57 1.67, 0.53
FFM (kg) 2.19*** 2.90, 1.48 1.10*** 1.68, 0.54
TBSSM (kg) 1.62*** 2.06, 1.17 0.67*** 0.99, 0.34
TBSMM as predicted by BIS (Table 3):
Eq. 1 0.57* 1.11, 0.03 0.32 0.80, 0.16
Eq. 2 0.57* 1.03, 0.11 0.36 0.78, 0.05
Eq. 3 0.74** 1.18, 0.30 0.71*** 1.09, 0.32
New prediction equations (Table 4):
FM (kg) 0.37 0.93, 1.67 0.70 1.73, 0.33
FFM (kg) 2.23*** 2.98, 1.48 1.00*** 1.49, 0.51
TBSSM (kg) 1.56*** 2.02, 1.10 0.63*** 0.87, 0.39
p-values: * <0.05, ** <0.01, *** <0.001.
a n ¼ 33 for TBSMM derived from BIS.
b Follow-up - baseline.
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reduced when ﬁtting the ColeeCole model and re-calculating the
impedance at 50 kHz, as done here. At this point we only note that
interpolation (here, at 50 kHz) is in general a more reliable pro-
cedure than extrapolation to e.g. inﬁnite frequency (on which the
intra-cellular resistance is based). A direct comparison of predic-
tion by BIS and single-frequency BIA might shed more light on this
question. Further improvement was achieved by generating
separate prediction equations for men and women as derived here.
When prediction was tested in the same sample that was used for
derivation we found reduced residual standard deviations for
TBSMM of 1.4e1.6 kg. However, the predictive power of the new
equations for TBSMM, FFM, and FM should be evaluated in inde-
pendent samples.
Height was the anthropometric variable that showed the largest
longitudinal change and therefore might have caused the largestFig. 3. Segmental analysis of longitudinal change in total body weight, as well as DXA-
derived values for fat-free mass (FFM) and fat mass (FM), stratiﬁed by sex (average
change with 95% CI).inaccuracy when applying the BIS prediction equations for TBSMM
derived in the younger cohort to the older one. Height serves as a
surrogate variable for the distance between hand and foot elec-
trodes, and the age-dependent decrease of height due to a reduc-
tion in the spine might overestimate a corresponding change in the
hand-to-foot distance relevant for BIS. There was only small inﬂu-
ence of the presence of a metal prosthesis on the prediction of
TBSMM or on longitudinal change. For instance, the difference
between DXA-based TBSMM and the values predicted by BIS did
not differ by prosthesis status.
The examination of change in body composition over 5 years
revealed a decrease in muscle mass, mainly in the legs and more
pronounced in men than in women. The relative decrease in
TBSMMwas larger in men (1.3% per year) than in women (0.7% per
year), and of similar size as reported in an elderly American pop-
ulation [1]. While there was hardly any change in overall fat mass,
segmental analysis showed that the decrease of fat-free mass in the
trunk of men was matched by an increase in fat mass such that
there was no net weight change in the trunk. This result has
important consequences as it has been suggested earlier that loss of
muscle mass with simultaneous fat increase could bemissed due to
the suggestive weight stability [13]. Similar ﬁndings were not
observed in the female cohort where fat and fat-freemass appeared
to decline such that the relative BC remained unchanged. It has
been found that age-related changes in muscle mass do not only
imply loss but also change in quality and composition of muscle
ﬁbers [14]. In particular, an increasing fat content of muscle tissue
has been observed in aging obese individuals [12] and in a female
sample [15], perhaps due to their generally higher fat percentage as
compared tomen. It is possible that our data show the combination
of age-related muscle loss due to low physical activity, as well as
due to the negative energy balance indicated by the fat mass
reduction.
The strength of our study comprises an accurate description of
healthy aging in a non-institutionalized elderly population. Precise
measurements of BC using DXA and BIS allowed to examine the
possibility to measure longitudinal change based on values of BC
predicted from BIS. However, the small sample size is noted as the
main limitation of this study. That is related to the fact that due to
funding reasons we were not able to assess BC using DXA in the
whole cohort of 75-years olds that had a baseline measurement of
K. Mehlig et al. / Clinical Nutrition ESPEN 10 (2015) e26ee32e32BIS in 2006. For instance, our ﬁnding that the BIS prediction
equations for TBSMM were valid for the 12 individuals with metal
prostheses needs to be conﬁrmed in a larger sample. Also, the new,
sex-speciﬁc prediction equations that were derived from the
sample of 75 and 80-year olds need to be tested in an independent
sample.5. Conclusion
We found that previously derived prediction equations for
TBSMM in 75-year old subjects were valid when evaluated in a
similar sample of 80-year olds. The precision of prediction was
hardly inﬂuenced by the presence of a metal prosthesis in hip or
knee, which substantially widens the applicability of BIS in elderly
populations. However, when applied to assess the longitudinal
change in body composition over 5 years, only the BIS prediction
equation based on the resistance at 50 kHz was able to reproduce
the results based on the DXA measurements. New prediction
equations for FM, FFM, and TBSMM were derived that reproduced
the longitudinal changes; however, their validity has still to be
assessed in an independent sample.Conﬂict of interest
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